Formation of e-(Aminosuccinyl)-lysine from e-Aspartyl-lysine which -+ denotes a C-N bond (Lockhart & Abraham, 1954a , b, 1956 Craig, Hausmann & Weisiger, 1954; Theodoropoulos & Craig, 1956 ). Part of the evidence for this sequence is based on the analysis of two products of hydrolysis of bacitracin A which are strikingly resistant to acid. One of these products appeared to consist only of lysine and aspartic acid residues and the other of lysine, aspartic acid and isoleucine residues (Lockhart & Abraham, 1956 ). Nevertheless, both products were more basic than was to be expected if they were peptides containing two amino groups and two carboxyl groups. Further information about their structures was therefore desirable.
Experiments recorded in this paper provide an explanation of the anomalous behaviour of the products containing lysine and aspartic acid which are formed from bacitracin A. Synthetic e-(Q-Laspartyl) -L-lysine and e -(f-L-aspartyl) -L-lysine (Swallow, Lockhart & Abraham, 1958) are both different from the 'Asp. Lys' found in hydrolysates of bacitracin A. However, both synthetic peptides yield a derivative of aminosuccinimide, E-(aminosuccinyl)-lysine (I), which appears to be identical with the product from the antibiotic, on treatment with concentrated hydrochloric acid at 80°. A similar type of cycization has been found to occur with the m-and l-.i8ohexylamides of aspartic acid (Swallow et al. 1958 ) and (less readily) with aX-(Ox-Laspartyl) -L -lysine and a -(p -L -aspartyl) -L -lysine which have been synthesized by Pimlott & Young (unpublished work) .
After this work had begun Cummins & Harris (1956) reported that hydrolysis of the cell walls of certain lactobacilli yielded a substance which was composed largely of lysine and aspartic acid but which resisted treatment with 6N-hydrochloric acid at 1000. The properties of this substance raised the question whether it was related to the cyclic compound from bacitracin A and from the E-aspartyllysines (Swallow & Abraham, 1957) . A direct comparison of the two products has now indicated that they are identical or differ only in optical configuration.
Brief accounts of some of the work described here have already been given (Swallow & Abraham, 1957; Abraham, 1957) .
METHODS
Material8 e-A8partyl-lysine8. The a-and ,-isomers were prepared as described by Swallow et al. (1958). cx-Aspartyl-ly8ine8. The two isomers were kindly provided by Miss P. Pimlott and Dr G. T. Young.
N-Benzyloxycarbonyl-L-aspartic anhydride. This was prepared by the method of John & Young (1954) . a-and P-isoHexylamide8 of aspartic acid. These were prepared by the method of Swallow et al. (1958) .
Bacitracin. The bacitracin used (lot B 55-13, 68 (Craig, Gregory & Hausmann, 1950) . The residue was dissolved in water and evaporation repeated twice to remove HCI. The pattern obtained when this hydrolysate was subjected to electrophoresis on paper in 0-05M-collidine acetate (pH 7) was similar to that obtained earlier with a partial hydrolysate of bacitracin A (Lockhart & Abraham, 1956) . Partial hydrolysate of c-aspartyl-lysine. A solution of caspartyl-lysine in 11 N-HCI (20 ml./g.) was kept at 800 for 24 hr. The hydrolysate was treated in a similar manner to the partial hydrolysate of bacitracin.
Licheniformin. We are grateful to Dr R. K. Callow and Dr T. S. Work for samples of licheniformins A, B and C.
Bacterial cell walls. We have to thank Dr C. S. Cummins and Dr H. Harris for a sample of the cell walls of Lactobacillus brevis and Mrs K. Crawford for the preparation of cell walls of Bacillus licheniformis by the method of Cummins & Harris (1956) .
Hydrolysis and identification of peptides
Peptides were hydrolysed in sealed Pyrex tubes, usually in 0-5 ml. of acid under conditions described in the text. Acid hydrolysates were evaporated to dryness in vacuo at room temperature over P205 in the presence of solid NaOH.
In some cases hydrolysis was carried out in 0-3 N-Ba(OH)2.
Most of the Ba2+ ions were precipitated from these solutions, as BaCO3, before evaporation in vacuo.
Chromatography and electrophoresis on Whatman no. 1 paper were carried out in the systems described by Swallow et al. (1958) . In general, 20-40jig. of peptide was applied to the paper.
2:4-Dinitrophenyl (DNP) derivatives were prepared as described by Lockhart & Abraham (1956) .
Electrometric titrations were carried out in the manner described by Newton & Abraham (1953) .
Semiquantitative determinations of amino acids and peptides separated by paper electrophoresis. The components of some hydrolysates were estimated semiquantitatively, after separation by electrophoresis, by a method similar to that of Peart (1956) . Samples of hydrolysate (each 1-7 L1I. containing about 30jug. of product) were spotted at intervals on a single sheet of paper. Known amounts of leucine (2-16 pg.) were also spotted on the same sheet. After electrophoresis in 10% (v/v) acetic acid (14v/cm., 2-5 hr.) the paper was dried in air at 600, sprayed on both sides with a solution of ninhydrin in butanol (0-16 %, w/v) and heated for 15 min. at 900. Squares of paper containing the spots were cut out, together with two blank squares. Each square was cut into strips and placed in a small test-tube containing 5 ml. of 50% (v/v) ethanol. The tubes were shaken occasionally during 1 hr. to elute the pigment, and the optical density of each solution was then measured at 570 mu in a Beckman spectrophotometer. Provided that the amount of amino acid or peptide was not less than 2 Mg., the accuracy for duplicate runs was ± 10%. The molar colour yields of E-(ce-Asp) .Lys, e-(a-Asp) .Lys, s(aminosuccinyl)-lysine [e-(Asu) . Lys], aspartic acid and lysine were measured against a leucine standard in a similar way and found to be 1-4, 0-9, 0-7, 0-6 and 0-9 respectively. The corresponding values obtained by the usual ninhydrin method in solution (Moore & Stein, 1948) were 1-43, 1-64, 1-08, 0-88 and 1-12 respectively.
Chromatography on ion-exchange resins Aspartic acid, glutamic acid and phenylalanine were removed from partial hydrolysates of bacitracin by adsorption on a column of Dowex 1 x 10 (200-400 mesh) in the acetate form (Fig. I a) under conditions similar to those used by Hirs, Moore & Stein (1954) . Free aspartic acid was removed similarly from the products obtained by treating e-((-L-aspartyl)-L-lysine with 11N-HCl at 800. The ninhydrin colour densities given by samples (0-1 ml.) of fractions from the column were determined by the method of . Colour densities were measured in an Evans Electroselenium Ltd. (EEL) portable colorimeter.
The fractions containing the basic and neutral amino acids and peptides (except phenylalanine, see Fig. 1 a) were bulked and evaporated in a rotary evaporator with a bath temperature at 250. The residue was chromatographed at 22°, as shown in Fig. 1 b, on a column of Dowex 50 x 4 (200-400 mesh) prepared according to Hirs et al. (1954) . Elution was begun with 1-ON-HCI. When 185 fractions had been collected, a mixing chamber (250 ml., stirred magnetically) was introduced into the flow system and by means of this the strength of HCI was gradually raised from N to 4N (a further 330 fractions). Ninhydrin colour densities were determined on samples (0-1 ml.) from every fraction containing ninhydrin-positive material. Further samples (0-5 ml.) were taken from every twentieth fraction for titration of the acid; when the normality of the latter was greater than 2 the samples used for ninhydrin determinations were neutralized with 2N-NaOH.
The fractions within each peak were collected and evaporated to dryness in a rotary evaporator. The identity of the residue was ascertained by electrophoresis on paper in collidine acetate (0-05M to acetate, pH 7-0) and by paper chromatography in butanol-acetic acid-water (Woiwod, 1949) .
Continuous paper electrophoresis
In some experiments electrophoresis was carried out on a preparative scale in a Spinco continuous paper electrophoresis apparatus, model C.P. (Beckman Instruments Inc., Spinco Division, California). The buffer used was pyridine acetate (0-05M to acetate, pH 5-0) and the flow down the paper was adjusted so that a spot of acid fuchsin took about 3 hr. to run the length of the paper (33 cm.). A partial hydrolysate of e-aspartyl-lysine (3-7 mg./ml.), mixed with bromocresol green and methyl red as visible indicators, was applied to the paper at a constant rate of 1 drop/50 sec. A potential of 13v/cm. was applied horizontally across the paper (width 35 cm.), and the effluent collected from the 32 drip points at the lower end of the sheet. The drip points were numbered from anode (1) to cathode (32). In a continuous run of 6 days the visible indicators, which ran towards the anode, did not change in position.
The amino acid pattern was ascertained by analysis of samples (0-5 ml.) from each drip point. The samples were evaporated to dryness in vacuo, the residues each dissolved in 30M1. of water and spots (3-5 u1.) of the resulting solutions were used for paper electrophoresis at pH 7-0 in 0-05M-collidine acetate.
Synthesqi of L-aminOsucCinylisohexylamine (II)
Benzyloxycarbonyl-L-aspartic anhydride (2-0 g., 1 mol.
prop.) was heated in a sealed tube at 1300 for 3 hr. with isohexylamine (1-07 ml., 1 mol. prop.). The tube was cooled, opened and reheated for 1 hr. to drive off the water 365 VoI. 70 D. L. SWALLOW AN eliminated in the reaction. The clear yellow-brown syrup was dissolved in ethanol (30 ml.), acidified with acetic acid (1-0 ml.) and hydrogenated in the presence of Pd-charcoal (10% Pd; 0-2 g.) until no more C00 was evolved. The solution was filtered and evaporated to dryness in a rotary evaporator.
The residual oil was dissolved in ether (8-0 ml.), and the required substance extracted into 2N-HC1 (5-0 ml.). The acid solution was extracted six times with ether (5-0 ml. portions) until it was no longer fluorescent in ultraviolet light. The aqueous phase was then adjusted to pH 7-0 with 2N-NaOH and the oil which separated was extracted into ether (5-0 ml.). The whole extraction process was repeated twice more, and the final ethereal solution was shaken with 2N-HCI (2-0 ml.). The aqueous phase was evaporated to dryness in vacuo in the presence of solid NaOH. N, 12-0; Cl, 15-1 %). The substance gave a single spot (RF 0-78) on paper chromatography in butanol-acetic acidwater, and migrated towards the cathode as a single spot on paper electrophoresis at pH 7-0 (Fig. 2) . The spots, developed with ninhydrin, were yellow-orange. On treatment at room temperature with 0-3N-Ba(OH)2 for 0-5 hr., the substance yielded two products which were separated by electrophoresis on paper at pH 2-3 and corresponded to the a-and l-i8ohexylamides of aspartic acid (Swallow et al. 1958 ). The f-isomer greatly predominated.
RESULTS
Cyclization of c-aspartyl-lysines to E-.(cnnino8uccinyl)-Iysine Cyclization of e-a8partyl-ly8ine8 in acid 8olution. e-(oc-L-Aspartyl)-L-lysine and e-(fl-L-aspartyl)-Llysine behaved as neutral compounds during electrophoresis on paper at pH 7 ( Fig. 2A , spot 1). After treatment with llN-hydrochloric acid at 80°for 30 min. both products contained similar small amounts of free lysine and aspartic acid and a significant quantity of a basic substance which migrated, at pH 7, about half as fast as histidine towards the cathode ( Fig. 2A , spot 2). After 10 hr. under the same conditions only a small amount of aspartyl-lysine remained and the intensity of the spots obtained with ninhydrin suggested that the major component of the mixture was the slowmoving base (spot 2). The relative intensities of the spots changed only very slowly when treatment with acid was prolonged further, but a gradual increase in the amounts of lysine and aspartic acid was observed (Table 1) .
It seemed likely that the slow-moving base was e-(aminosuccinyl)-lysine (I), whose formation from the neutral e-aspartyl-lysines involved the masking
of a carboxyl group. This view was confirmed when the substance was separated from the other products of the reaction and some of its properties were studied.
NH2-CH-CO N *CH2,CH-C,H*CH2 -,*CHE *COjH (I) Separation of -(aminoeuccinyl) -ly8ine. Two methods were used for the separation, on a preparative scale, of the products obtained when e-aspartyl-lysines were treated with 11 N-HCl at 800 for 24 hr. and the HCI was then removed in vacuo. The simplest procedure was electrophoresis in the Spinco continuous paper-electrophoresis apparatus, the buffer being pyridine acetate, pH 5 (see Experimental). Under the conditions used both c-aspartyl-lysines were collected from drip points 9 to 11, c-(aminosuccinyl)-lysine from 18 to 24, and lysine from 26 to 30. Aspartic acid migrated off the paper into the buffer circulating over the anode. The appropriate fractions were combined and the solutions freeze-dried. The residue of e-(aminosuccinyl)-lysine was a colourless hygroscopic solid.
The second procedure involved removal of free aspartic acid by adsorption on a column of Dowex 1 x 10 (acetate form) and chromatography of the combined neutral and basic material on Dowex 50 x 4 in HC1 (Hirs et al. 1954 ). The conditions used were very similar to those described below for the separation of e-(aminosuccinyl)-lysine from hydrolysates of bacitracin (see Fig. 1 ). The aspartyl-lysine remaining in the preparation emerged from the column of Dowex 50 as a small band immediately preceding lysine and the e-(aminosuccinyl)-lysine as a relatively large band closely following lysine. The molecular ratio of c-(aminosuccinyl)-lysine to lysine (calculated from ninhydrin colour densities) was 4 to 1. The fractions containing the e-(aminosuccinyl)-lysine were evaporated in vacuo to yield a colourless hygroscopic glass.
Preparations of e-(aminosuccinyl)-lysine obtained by these procedures appeared to be almost homogeneous when subjected to ionophoresis on paper at pH 2*3, 5 or 7. Only trace amounts of one other component, which appeared to be E-aspartyllysine, could be detected with ninhydrin. However, attempts to obtain the compound in crystalline form, as a free base, a monohydrochloride, a picrate or a copper complex, were unsuccessful.
Properties of E-(aminosuccinyl)-tysine. The infrared spectrum of E-(aminosuccinyl)-lysine, unlike the spectra of the c-aspartyl-lysines, contained a medium band at 1785 cm.-' and a strong band at 1705 cm.-'. These bands could be assigned to the carbonyl groups of a succinimide ring (Randall, Fowler, Fuson & Dangl, 1949) . The spectra of the c-aspartyl-lysines showed a strong band at 3300 cm.-' which could be assigned to the NH stretching mode of the peptides. This band was absent from the spectrum of e-(aminosuccinyl)-lysine. On paper chromatograms run with butanolacetic acid-water E-(ammiosuccinyl)-lysine was not separated from lysine or from the two e-aspartyllysines. These substances were readily distinguished, however, by electrophoresis on paper in collidine acetate (pH 7 0), pyridine acetate (pH 5 0) or aqueous acetic acid (pH 2-3) ( Fig. 2A-C) .
The fact that e-(aminosuccinyl)-lysine migrated towards the cathode much more rapidly at pH 5 than at pH 7 ( Fig. 2A and B) indicated that one of its functional groups ionized in this pH region. Electrometric titration (Fig. 3) showed that it contained three ionizable groups whose pK. values were 2-5, 6-0 and 9*5 respectively. The pK1, of less than 2 5 could be assigned to a carboxyl group, that of 600 to the amino group of an aminosuccinimide ring and that of 9-5 to the cz-amino group of a lysine residue.
When the titration was carried to a pH higher than 10 an irreversible change began. Backtitration of a solution which had been kept at pH 11 for 30 min. showed that the group with pKa 6-0 had disappeared. The resulting curve (Fig. 3) suggested that hydrolysis had occurred with the formation of a mixture of E-(c-aspartyl)-and E-(P- 
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FORMATION OF e-(AMINOSUCCINYL)-LYSINE phoresis on paper at pH 7 or at pH 5 ( Fig. 2A, B , spot 1). After electrophoresis at pH 2-3 it showed a major spot in the position corresponding to E-(f-aspartyl)-lysine and a minor spot in that corresponding to c-(a-aspartyl)-lysine (Fig. 2 C, spots b and a). In contrast with its lability in alkaline solution, c-(aminosuccinyl)-lysine was remarkably resistant to hydrolysis in 11 N-hydrochloric acid at 800 (Table 1) .
The DNP derivative of E-(aminosuccinyl)-lysine yielded DNP-aspartic acid and a-DNP-lysine on hydrolysis and also an ether-soluble product which remained at the origin on paper chromatograms (Blackburn & Lowther, 1951) and showed a bright-green fluorescence in ultraviolet light (365 m,u). A similar product was reported by Lockhart & Abraham (1956) to be formed on reaction of the 'Asp. Lys' from bacitracin A with 1 -fluoro-2:4-dinitrobenzene.
Interconversion of e-(oc-a8partyl)-and ,E-(P-a8party1)-ly8ine
Electrophoresis on paper at pH 2-3 showed that e-(a-aspartyl)-lysine was converted largely into e-(aminosuccinyl)-lysine by treatment with 11N-hydrochloric acid for 10 hr. at 800. In addition to this product and some free lysine and aspartic acid, however, a small spot corresponding to the original peptide was discernible, and also a second spot, of similar intensity, corresponding to E-(fl-aspartyl)-lysine. The concentrations of the two e-aspartyllysines then appeared to undergo relatively little change when treatment with acid was prolonged to 70 hr. (Table 1) . Similar results were obtained with e-(P-aspartyl)-lysine, which was converted into a mixture containing small amounts of both aspartyllysines, as well as larger amounts of lysine, aspartic acid, and E-(aminosuccinyl)-lysine, on prolonged treatment with 1 N-hydrochloric acid at 800. A similar conversion of E-(o-aspartyl)-lysine into the ,-aspartyl isomer was observed in 0-25 N-acetic acid at 100°. In this case, however, the intensity of the spot due to the ,B-isomer was considerably greater than that due to the ac-isomer after 24 hr. (Table 1 ).
Cyclization of E-(0C-L-a8party1)-L-ly8ine under other conditions
In 0-1 N-hydrochloric acid at 800 both the rate of hydrolysis of eC-(a-L-aspartyl)-L-lysine to aspartic acid and lysine and its cyclization to the succinimide were much slower than in 11 N-acid. After 72 hr. a considerable proportion of the original peptide remained unchanged (Table 1) . However, the reduction in the rate of hydrolysis was less than the reduction in the rate of imide formation, and the amounts of lysine and aspartic acid formed in the early stages of the reaction were relatively greater than the amount of imide. After electrophoresis on 24 paper (pH 2-3) of the reaction products at times varying from 1 to 24 hr. the spots corresponding to imide, lysine and aspartic acid were all of comparable intensity. The imide itself underwent very little hydrolysis during 24 hr. in 0-1 N-hydrochloric acid at 800, but it yielded a small amount of the ,B-aspartyl peptide and a trace of ac-isomer. In 0-1 N-or N-hydrochloric acid at 1000 the rate of formation of aspartic acid and lysine was large compared with the rate of accumulation of imide. This probably implies that the ring-opening of the imide is associated with a higher energy of activation than is the hydrolysis of the dipeptide. Although the imide is relatively stable in 6 Nhydrochloric acid at 80°it is completely hydrolysed in 24 hr. at 1050. In 1 N-hydrochloric acid at 200 E-(aC-L-aspartyl)-L-lysine yielded a significant amount of imide in 24 hr. but no detectable quantity of lysine or aspartic acid.
c-(Aminouccwinyl)-ly8ine from bacitracin A The compound detected by Lockhart & Abraham (1956) in hydrolysates of bacitracin A, and provisionally described as Asp. Lys, was separated by ion-exchange chromatography from other products formed when bacitracin was treated with 11 Nhydrochloric acid at 800. Free aspartic and glutamic acids were first removed by adsorption on a column of Dowex 1 x 10 acetate. Under the conditions used, phenylalanine was also removed at this stage, since it emerged from the column as a sharp peak immediately following a mixture of the basic and remaining neutral products (Fig. 1 a) . The latter was chromatographed on Dowex 50 x 4 in hydrochloric acid whose concentration was raised from 1-0 to 4-0N (Fig. 1 b) . The compound 'Asp . Lys' emerged from the column after histidine (fractions 480-500). It was followed by Ileu.Lys and then by the compound described provisionally by Lockhart & Abraham (1956) as Asp(Ileu).Lys.
Evaporation of fractions 480-495 in vacuo yielded an amorphous residue. This product migrated towards the cathode at the same rate as e-(aminosuccinyl)-lysine (obtained from c-aspartyllysine) when subjected to electrophoresis on paper at pH 7. The product also migrated at the same rate as e-(aminosuccinyl)-lysine on electrophoresis at pH 5-0 and 2-3 (Fig. 2, spot 2) , and was not separated from e-(aminosuccinyl)-lysine by chromatography on paper in butanol-acetic acidwater. On treatment with 0-3N-barium hydroxide at room temperature for 1 hr. it was converted entirely into material which showed no net charge at pH 7. Electrophoresis on paper at pH [2] [3] showed that this material consisted of two ninhydrin-positive components, the major component migrating towards the cathode at the same rate as e-(fl-aspartyl)-lysine and the minor component at Bioch. 1958, 70 VoI. 70 369 D. L. SWALLOW AND E. P. ABRAHAM the same rate as e-+x-aspartyl)-lysmne. In this behaviour, also, the compound from bacitracin A was indistinguishable from e-(aminosuccinyl)-lysine. Licheniformins A, B and C, which, like bacitracin, are produced by strains of Bacillus licheniformwi (Callow & Work, 1952) , yielded no detectable amount of c-(aminosuccinyl)-lysine in llN-hydrochloric acid at 800. E-(Aminosuccinyl)-lysine from cell walls of Lactobacillus brevis Cell walls of LactobaciUus brevis were treated with 11 N-hydrochloric acid at 800 for 43 hr. When the product was subjected to electrophoresis on paper at pH 7, a neutral spot, two acidic spots and three basic spots were observed. A major acidic spot corresponded to glutamic acid and a minor one to aspartic acid. Two of the basic spots corresponded to lysine and glucosamine respectively, the former migrating slightly faster than the latter. The third basic spot, which was the most intense of the three, migrated to the same position as e-(aminosuccinyl)-lysine ( Fig. 2A) .
The material corresponding to the third basic spot was eluted from the paper after electrophoresis at pH 7 on a larger scale. This material migrated towards the cathode at the same rate as s-(aminosuccinyl)-lysine on electrophoresis at pH 5-0 and 2-3. On hydrolysis with 6N-hydrochloric acid at 1100 for 24 hr. it yielded equivalent amounts of lysine and aspartic acid. On treatment with 0-3N-barium hydroxide at 20°for 1 hr. it yielded two products which were separated by electrophoresis on paper at pH 2-3. The major product migrated at the same rate as e-(fi-aspartyl)-lysine and the minor one at the same rate as e-(rL-aspartyl)-lysine (Fig. 2C, spots a and b) .
These results left little doubt that the third basic product from the cell walls of LactobaciUlus brevis was e-(aminosuccinyl)-lysine. The possibility that it was o-(aminosuccinyl)-lysine was later eliminated when it was shown that this substance was much less stable to acid than the e-isomer, and that ,E-(f-aspartyl)-lysine was readily distinguishable from a.-(P-aspartyl)-lysine by electrophoresis on paper ( Fig. 2C and D) .
No E-(aminosuccinyl)-lysine was detected in the cell walls of a strain of Bacillus licheniformis which produces bacitracin.
Cyclization of oa-and fi-isohexylamides of aspartic acid When either the c-or ,-iiohexylamide of aspartic acid (Swallow et al. 1958 ) was treated with 11N-hydrochloric acid at 800 for 20 hr. some free aspartic acid and isohexylamine were formed and also a considerable amount of a basic product which showed a mobility similar to that of e-(aminosuccinyl).lysine on paper electrophoresis at pH 7 (Fig. 2A) . This product was revealed as a yellow-orange spot when the paper was sprayed with ninhydrin. It was isolated as a crystalline hydrochloride (m.p. 192-194°) by extraction into ether from an aqueous solution at pH 7, re-extraction into 2N-hydrochloric acid, removal of the acid in vacuo, and trituration of the remaining solid with acetone. When treated with 0-3 N-barium hydroxide at 20°it was converted into two compounds which were indistinguishable from the a-and l-i8o-hexylamides ofaspartic acid respectively on electrophoresis at pH 2x3 (Fig. 2C) . The relative intensities of the spots showed that the yield of the ,Bisomer was considerably higher than that of the a-isomer.
These properties indicated that the basic product was aminosuccinyli8ohexylamine (II).
H,N-H-CO * CH, *CH2 *CH, *CH(CH3)2
CH-2CO
(II) Structure (II) was supported by the fact that the product was indistinguishable in its electrophoretic mobility at pH 7, and its behaviour in alkaline solution, from a compound, C,0H1802N2, synthesized from benzyloxycarbonyl-L-aspartic anhydride and isohexylamine (see Experimental). The compound CjOH1802N2 showed an infrared spectrum containing two strong bands at 1785 and 1710 cm. -respectively which could be attributed to the carbonyl groups of a succinimide ring (Randall et al. 1949) .
lysine behaved as neutral compounds on paper electrophoresis at pH 7, but were separated by electrophoresis at pH 2-3 or 9-1. The o-(m-aspartyl) isomer was distinguished from e-(a-aspartyl)-lysine by its greater mobility (towards the cathode) at pH 2-3, and the oc-(,-aspartyl) isomer was distinguished from e-(a-aspartyl)-lysine by its smaller mobility (towards the anode) at pH 9-2 ( Fig. 2C  and D) .
When a-(CX-L-aspartyl)-and a-(fl-L-aspartyl)-Llysine were treated with 11N-hydrochloric acid at 800 a basic product was formed, in addition to free lysine and aspartic acid, which showed the same mobility as e-(aminosuccinyl)-lysine on paper electrophoresis at pH 7 ( Fig. 2A) . This product was undoubtedly a-(aminosuccinyl)-lysine. It was considerably less stable to acid, however, than the I958 370 FORMATION OF e-(AMINOSUCCINYL)-LYSINE g-isomer, reaching a maximal and relatively low concentration after 5 hr. and thereafter rapidly diminishing. After 48 hr. only a trace of the compound remained and hydrolysis to aspartic acid and lysine approached completion. Cherbuliez & Chambers (1924) reported that benzamidosuccinimide could be obtained by the action of heat on N-benzoylasparagine. Benzyloxycarbonylaminosuccinimide was later prepared by the saponification of N-benzyloxycarbonyl-Lasparagine methyl ester under mild conditions and yielded L-aminosuccinimide itself on removal of the benzyloxycarbonyl group (Sondheimer & Holley, 1954a, b) . The cyclization in alkaline solution was assumed to be initiated by the removal of a proton from the amide nitrogen. Battersby & Robinson (1955) showed that the esters of Nbenzoyl-a-aspartyl peptides and the corresponding P-aspartyl peptides were partly converted into derivatives of aminosuccinimide on treatment with less than one equivalent ofdilute sodium hydroxide. Treatment of the imide with an excess of alkali resulted in ring-opening and the formation of a mixture of N-benzoylaspartyl peptides, the ,Bisomer predominating.
DISCUSSION
The E-(aminosuccinyl)-lysine encountered here has not been obtained in a crystalline form, but its structure appears to have been clearly established. The pKI of its first amino group (6.0) is very close to that reported for the amino group of aminosuccinimide (5 9). It is formed under conditions similar to those under which the well-characterized aminosuccinyli8ohexylamine is produced from the iaohexylamides of aspartic acid, and its infrared spectrum shows two bands which can be attributed to the CO groups of the succinimide ring. Like the derivatives of aminosuccinimide described previously, it is readily converted by dilute alkali into a mixture of oc-and fl-aspartyl peptides. The predominance of the ,B-isomer is to be expected, since the reaction is presumably initiated by the nucleophilic attack of a hydroxyl ion on the two carbonyl groups of the ring, and the carbon derived from the o-carboxyl group of aspartic acid will have the greater fractional positive charge. John & Young (1954) reported that oc-L-aspartyl- The formation of E-(aminosuccinyl)-lysine from bacitracin A confirms the conclusion of Lockhart & Abraham (1956) that one of the two aspartic acid residues in the antibiotic is linked to the E-amino group of lysine. The product of hydrolysis of bacitracin A which was provisionally described as Asp(Ileu) . Lys (Lockhart & Abraham, 1956) is doubtless e-(aminosuccinyl)-a-isoleucyl-lysine.
There is as yet no evidence that the aminosuccinimide ring occurs in bacitracin A itself, and it would be difficult to reconcile its presence with other evidence about this portion of the molecule (Lockhart & Abraham, 1954a The oxidative conversion of the systemic insecticides schradan (bisdimethylaminophosphonous anhydride) and dimefox (bisdimethylaminofluorophosphine oxide) into powerful anticholinesterases has been studied in mammalian liver homogenates (Davison, 1954 (Davison, , 1955 O'Brien, 1956 O'Brien, , 1957 Fenwick, Barron & Watson, 1957) , and shown to be dependent on the presence of Mg2+ or Ca2+ ions, nicotinamide and diphosphopyridine nucleotide. The microsome fraction of liver cells could effect the conversion if fortified with reduced diphosphopyridine nucleotide. O'Brien & Spencer (1953 reported that many intact insect tissues could produce the same schradan metabolite as did liver, but all attempts to make an active tissue homogenate were unsuccessful. Cockroach-gut homogenates fortified with nicotinamide, diphosphopyridine nucleotide and Mg2+ ions failed to convert schradan (O'Brien, 1957) and dimefox (Fenwick et al. 1957 ) into such compounds, and it was suggested that a different mechanism might be involved.
